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The past year has been devoted to a feasibility study, to the investigation 
of the pulse control technique developed by the Pis in vibration suppression in 
aerospace structures. The funding level precluded a study of a full-scale 
SCOLE model. Since the feasibility study results are strongly positive, it is 
hoped that additional funding will make it possible to extend the work to the 
SCOLE configuration during the coming year. Specifically, the following 
analytical and experimental studies were conducted: 

(1) A simple algorithm was developed to suppress the structural vibrations 

of 3-dimensional distributed parameter systems, subjected to interface motion 
and/or directly applied forces. The algorithm is designed to cope with structural 
oscillations superposed on top of rigid-body motion: a situation identical to that 

encountered by the SCOLE components. A significant feature of the method is 

that only local measurements of the structural displacements and velocities 
relative to the moving frame of reference are needed; no global information 
about the stuctural characteristics of the oscillating system is needed. It 
was shown analytically that the algorithm guarantees stable motion. 

(2) A numerical simulation study was conducted on a simple linear finite 
element model of a cantilevered plate wich was subjected to test excitations 
consisting of impulsive base motion and of nonstationary wide-band random 
excitation applied at its root. In each situation, the aim was to suppress the 
vibrations of the plate relative to the moving ba-e. The influence of the 
following parameters on the efficiency of the vibration suppression techniques was 
evaluated: 

(a) the total number of controllers 

(b) the spatial distribution of the controllers 

(c) the nature of the control pulse (e.g., active Coulomb 
damping, viscous, quadratic, etc.) 

(d) duration of the control pulses 

(e) minimum spacing of control pulses 

(f) nature of the exciation, and 

(g) control energy optimization 

(3) A small mechanical model resembling an aircraft wing was designed and 
fabricated to investigate the control algorithm under realistic laboratory 
conditions. The wing was clamped to the top of an electrodynamic shaker made 
to oscillate in a prescribed form. The sensor consisted of piezoelectric 
accelermoters and optical displacement followers. A pneumatic power supply was 
used to energize the control thrusters which generated active Coulomb-type 
control forces by using mass ejection techniques in conjunction with solenoid- 
controlled nozzles. Inspite of the rudimentary nature of the experiment, a 
considerable amount of data was accumulated to validate the effectiveness and 
robustness of the proposed vibration control method. 
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During the period 6-7 December 1984* one of the Pis (R.K. Miller) 
participated In the First SCOLE Workshop Concerning the NASA/IEEE Design 
Challenge and he presented a detailed report covering the analytical and 
experimental studies discussed above. 

For convenience, the Appendix contains a copy of the transparencies that 
summarize our accomplishments during the first year of our NASA contract. 
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EVALUATION OF ON-LINE PULSE CONTROL FOR 
VIBRATION SUPPRESSION IN FLEXIBLE SPACECRAFT 
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The First SCOLE Workshop Concerning the NASA/IEEE Design Challenge 

Langley Research Center 
Hampton, Virginia 
6-7 December 1984 
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{y (t) w, y(t) + y (t) Wo y(t)}dt 
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MODEL OF ARBITRARY NONLINEAR DISTRIBUTED PARMETER 
SYSTEM TO BE ACTIVELY CONTROLLED 
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Shapes of the Flexible Appendage" 
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"Response of the Flexiable Appendage to Base Impact" 



CYCLES 



Effect 8 of Control Parameters 
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Effects of Control Paromstiars 



CYCLES 
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Uncontrolled motion of 10 DOF Response time history at 

linear plate model under nonstationary locations along the uncontrolled 
base excitation. 10 DOF linear plate model under 

nonstat ionary base excitation. 
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Figure 9. Controlled motion of the 10 DOF linear plate model under nonstationary base exictation; 
U identical controllers used at locations m-», me, mi, "ho* Control parameter n*2; 



Effects of Control Parameters 










Response of the Flexible Appendage to Base Excit. 





Response of a Nonlinear Flexible Structure 
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Using Liapunov's direct method, the authers have shown th 
of the equations of notion are Lagrange stable (bounded). 
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control strategy. 
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Analog computer circuit 
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(a) Base-excited plate 


(b) Solenoid 



(c) Reaction-jet controllers 






Photographs of the Experimental Set-up 



STRUCTURE & EXCITER 





"Experimental Studies of the Flexible Appendage 
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